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ABSTRACT
Aims. We present the first high-angular resolution survey for multiple systems among very low-mass stars and brown dwarfs in the
Hyades open cluster.
Methods. Using the Keck II adaptive optics system, we observed a complete sample of 16 objects with estimated masses . 0.1 M⊙.
Results. We have identified three close binaries with projected separation . 0′′.11, or . 5 AU. A number of wide, mostly faint candi-
date companions are also detected in our images, most of which are revealed as unrelated background sources based on astrometric
and/or photometric considerations. The derived multiplicity frequency, 19+13
−6 % over the 2–350 AU range, and the rarity of systems
wider than 10 AU are both consistent with observations of field very low-mass objects. In the limited 3–50 AU separation range, the
companion frequency is essentially constant from brown dwarfs to solar-type stars in the Hyades cluster, which is also in line with
our current knowledge for field stars. Combining the binaries discovered in this surveys with those already known in the Pleiades
cluster reveals that very low-mass binaries in open clusters, as well as in star-forming regions, are skewed toward lower mass ratios
(0.6 . q . 0.8) than are their field counterparts, a result that cannot be accounted for by selection effects. Although the possibility
of severe systematic errors in model-based mass estimates for very low-mass stars cannot be completely excluded, it is unlikely to
explain this difference.
Conclusions. We speculate that this trend indicates that surveys among very low-mass field stars may have missed a substantial
population of intermediate mass ratio systems, implying that these systems are more common and more diverse than previously
thought.
Key words. Binaries: visual – Stars: brown dwarfs, low-mass – Open clusters and associations: individual: Hyades (Melotte 25)
1. Introduction
Multiplicity is a common, if not ubiquitous, property of
stellar populations from brown dwarfs to high-mass stars
(Duchêne & Kraus 2013, and references therein). Its character-
istics and dependencies on primary mass (and/or system mass;
see Goodwin 2013) inform us on the physical processes in-
volved in the star formation process itself and in the internal
and external dynamical perturbations that affect newly formed
systems. Akin to the question of the universality of the initial
mass function, it remains undecided whether all star-forming
environments lead to identical sets of multiplicity properties,
such as their frequency, orbital period and mass ratio distri-
butions. The population of field objects in the solar neigh-
borhood provides a unique opportunity to detect companions
of all masses and at all separations, but it represents an aver-
age over all types of star-forming environments. Stellar clus-
ters, on the other hand, represent uniform populations that en-
able studies across primary masses, although interpretations
must consider the possible disruptive influence of close stel-
lar encounters. For instance, it has been shown that the multi-
plicity properties of field stars, the 120 Myr-old Pleiades open
cluster, the 1 Myr-old Orion Nebula Cluster and the 1 Myr-
old Taurus loose star-forming association can all be accounted
for with a unique set of initial conditions and purely dynami-
cal effects (Kroupa, Aarseth & Hurley 2001; Kroupa & Bouvier
2003; Parker & Goodwind 2011; Marks & Kroupa 2012).
The multiplicity properties of very low-mass stars and brown
dwarfs are markedly different from those of higher mass stars
(Luhman 2012; Duchêne & Kraus 2013). Among field objects,
the overall multiplicity frequency is on the order of 20%, well
below that of solar-type stars. In addition, most very low-mass
multiple systems are both close (separation ≤ 25 AU) and near
equal-mass (q = MB/MA & 0.8, where A and B denote the
most and least massive components, respectively), which dif-
fers from both low-mass and solar-type multiple systems. Simi-
lar trends are observed in star-forming regions, although a small
population of wide systems is observed out to separations of at
least 300 AU. Despite these differences, there is no strong evi-
dence that multiple system formation proceeds through different
paths in the substellar and stellar regimes, except for the fact that
"unequal" and wide binaries are increasingly uncommon for the
lowest mass primaries.
At intermediate ages, surveys of brown dwarf binaries in the
Pleiades open cluster have revealed only a handful of tight sys-
tems (Martín et al. 2003; Bouy et al. 2006), again in agreement
with trends in other populations. However, because of the dis-
tance to the Pleiades (125 pc), the projected separations of most
very low-mass binaries is below the capabilities of even adap-
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Table 1. Observed sample
Target Obs. Date J H K M(M⊙) Ref.
RM 231 2008 Dec. 18 11.12 10.56 10.25 0.306–0.321 2
RM 346a 2008 Dec. 20 11.18 10.55 10.28 0.308–0.317 2
RM 132 2008 Dec. 18 11.16 10.57 10.28 0.305–0.317 2
RM 221a 2008 Oct. 20 11.19 10.59 10.32 0.302–0.310 2
RM 49a 2008 Dec. 20 11.21 10.59 10.33 0.302–0.309 2
RM 182 2008 Dec. 20 11.24 10.63 10.36 0.296–0.304 2
RM 60 2008 Dec. 20 11.34 10.76 10.47 0.277–0.287 2
RM 376 2008 Dec. 20. 11.38 10.79 10.53 0.273–0.280 2
RM 126b 2008 Oct. 20 12.06 11.47 11.16 0.192–0.200 2
CFHT 13 2009 Dec. 8 12.45 11.87 11.51 0.160–0.170 1
RM 165c 2009 Dec. 7 13.49 12.86 12.51 0.107–0.111 2
CFHT 19 2008 Oct. 20 14.16 13.43 12.90 0.085–0.099 1
UKIDSS 1 2008 Oct. 20 14.60 13.85 13.42 0.075–0.084 3
UKIDSS 8 2009 Dec. 7 15.60 14.55 14.02 0.060–0.070 3
UKIDSS 5 2009 Dec. 7 15.81 14.72 14.05 0.057–0.069 3
UKIDSS 3c 2009 Dec. 7 15.75 14.78 14.17 0.058–0.066 3
UKIDSS 4 2008 Oct. 20 15.60 14.97 14.23 0.059–0.065 3
UKIDSS 6 2009 Dec. 7 15.50 14.81 14.25 0.061–0.064 3
UKIDSS 2 2009 Dec. 8 15.94 14.81 14.26 0.056–0.064 3
UKIDSS 11 2008 Oct. 20 16.11 15.05 14.28 0.054–0.063 3
UKIDSS 7 2008 Oct. 20 15.99 15.03 14.36 0.055–0.061 3
UKIDSS 9 2008 Oct. 20 16.68 15.29 14.52 0.045–0.058 3
UKIDSS 12 2008 Oct. 20 16.73 15.77 14.80 0.044–0.054 3
UKIDSS 10 2009 Dec. 7 16.54 15.43 14.84 0.049–0.053 3
CFHT 20 2008 Oct. 20 17.02 16.51 16.08 0.037–0.039 1
CFHT 21 2008 Oct. 20 18.48 17.36 16.59 0.020–0.035 1
Notes. The horizontal line demarcates low-mass from very low-mass targets. Masses are estimated (using integrated system magnitudes for binary
systems) comparing the near-infrared magnitude to BT-Settl models at an age of 600 Myr. Boldfaced entries indicate the masses derived from the
K band photometry. References: 1) Bouvier et al. (2008); 2) Reid (1993); 3) Hogan et al. (2008).
(a) Known binary (Reid & Gizis 1997). (b) Suspected binary (Reid & Gizis 1997). (c) These objects were re-observed on 2010 Dec. 09.
tive optics systems on large ground-based telescopes or the Hub-
ble Space Telescope. To probe multiplicity in open clusters, the
Hyades represent an ideal opportunity owing to its close distance
to the Sun (46.3 pc, Perryman et al. 1998). High-resolution sur-
veys for visual binaries have been conducted in the Hyades for
low-mass, solar-type and intermediate-mass stars, providing a
solid comparison basis (Mason et al. 1993; Reid & Gizis 1997;
Patience et al. 1998). Until recently, however, no substellar ob-
ject was known in the Hyades cluster. Bouvier et al. (2008) and
Hogan et al. (2008) identified a population of L- and T-type sub-
stellar cluster members based on their photometric and proper
motion properties. While these imaging surveys exclude the
presence of companions at separations of 100 AU or more, noth-
ing is known about companions in the typical range for very low-
mass binaries, 1–10 AU, which can only be probed with high-
angular resolution techniques.
In this work, we present the first multiplicity survey of sub-
stellar members of the Hyades cluster, conducted with the adap-
tive optics systems installed on the 10 m Keck II telescope. Our
sample definition and observations are described in Section 2.
Section 3 presents all candidate companions detected in this sur-
vey and provides astrometric and photometric arguments to dis-
criminate between bound companions and unrelated background
sources. Finally, Section 4 places the results of this survey in the
broader context of multiplicity as a function of primary mass and
environment.
2. Sample, observations and data reduction
We constructed our sample based on wide-area surveys that
identified very low-mass members of the Hyades cluster based
on their photometry and proper motion (Bouvier et al. 2008;
Hogan et al. 2008). Based on the 600 Myr isochrone of the BT-
Settl evolutionary models (Allard et al. 2003; Allard 2009), we
find that the substellar limit occurs at I ≈ 18 and K ≈ 14 for a
nominal cluster distance of 46.3 pc, which we adopt throughout
this study in the absence of parallax measurements. There are 13
known cluster members below that limit and we observed all of
them in this study. Very low-mass stellar objects (M . 0.1 M⊙)
are usually grouped with brown dwarfs for multiplicity statistics
and other physical studies as it is generally assumed that the for-
mation process does not abruptly change at the substellar limit.
We therefore also included observations of all 3 known very low-
mass cluster members with K ≥ 12.5 (UKIDSS 1, CFHT 19 and
RM 165), yielding a total sample of 16 very low-mass cluster
members that is complete to the best of our knowledge. We note
that UKIDSS 1 may itself be substellar if it is located on the close
side of the cluster, as suggested by Hogan et al. (2008). This
highlights the complication induced by the depth of the clus-
ter, which represents a significant fraction of its distance (on
the order of 30–40%, Perryman et al. 1998). In addition, we
also observed 10 objects in the 0.17–0.32 M⊙ range, including
four known or suspected binaries from Hubble Space Telescope
imaging (Reid & Gizis 1997).
While our sample of very low-mass objects includes all
known members with K ≥ 12.5, we note that the integrated
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Fig. 1. Contour plots of all subarcsecond binaries detected in this
survey. All images were taken with the K filter, except for UKIDSS 2,
which was observed with the K′ filter. In each panel, the highest contour
is placed at factors 2−n (0 ≤ n ≤ 5) times 90% of the peak pixel.
brightness of near equal-mass binaries whose components are
only slightly fainter than this limit would be above our selection
threshold. In the absence of a spectroscopy-based sample defi-
nition, our sample may thus be biased against multiple systems.
However, this bias does not apply to substellar objects given the
wide gap seen in K band luminosity between stellar and substel-
lar objects (Hogan et al. 2008). It is also possible that the closest
cluster members have their mass overestimated by our use of the
nominal cluster distance, although that bias applies to both single
objects and multiple systems. On the other hand, our sample is
unlikely to be affected by the traditional Malmquist bias since
all targets identified by Bouvier et al. (2008) and Hogan et al.
(2008) lie at least 1 mag above the detection limits of these sur-
veys. In particular, it is extremely unlikely that these surveys
missed any L-type member of the cluster in the area they cov-
ered, since these lie several magnitude above the detection lim-
its.
The properties of all objects observed in this study are pre-
sented in Table 1. Target masses were estimated by comparing
each object’s near-infrared brightness to the 600 Myr isochrones
of the BT-Settl evolutionary models. The masses we derive from
the objects’ K band brightness using the BT-Settl models dif-
fer only marginally (. 5%) from those derived by Bouvier et al.
(2008) using the NextGen (Baraffe et al. 1998) and DUSTY
(Chabrier et al. 2000) models. Larger uncertainties are intro-
duced by the use of brightness in multiple filters, however. The
range quoted in Table 1 for each target indicates the dispersion
of estimates for a given object; to ensure uniformity, we adopt
the masses derived from the K-band brightness throughout the
paper. For tight binaries, masses indicated in the Table are esti-
mated using integrated system magnitude to ensure uniformity;
individual component masses are estimated in Section 3.4.
Observations were conducted using the adaptive optics sys-
tem on the 10 m Keck II telescope in the "laser guide star" mode
(Wizinowich et al. 2006). Targets that are bright enough in the
visible (R . 17.5) were used as tip-tilt reference stars, while oth-
ers were observed off-axis using an unrelated star within 60′′ as
reference star. Data were taken with the NIRC2 near-infrared
instrument (P.I.: K. Matthews) and its narrow camera mode
with a pixel-scale of 0′′.00996/pix (Ghez et al. 2008), providing
a total field of ≈10′′. The survey was conducted with the K
(2.20µm) and K′ (2.12µm) filter, but we also obtained follow-up
H (1.63µm) and J (1.25µm) images for some systems to esti-
mate the colors of candidate companions. Images were taken
in a 3-position pattern. At each position, two or three separate
Fig. 2. K- (or K′-) band detection limits (5σ) for companions. In-
dividual curves are shown as gray curves, with solid (dashed) lines in-
dicating very low mass (low mass) targets, respectively. The red curve
shows the median detection limit for very-low mass targets. All curves
are smoothed using a 3-pixel running median filter for separations larger
than 0′′.8 for visual purposes. Blue and green diamonds represent can-
didate companions to very low-mass and low-mass targets identified in
our survey, respectively. Orange symbols indicate companions which
are confirmed or suspected unrelated background stars based on as-
trometric (circle symbols) and/or photometric (square symbols) argu-
ments. The magnitude difference to the bright visual companion to
UKIDSS 10 has been inverted and is shown as the open diamond.
images were recorded, each being the co-addition of 1 to 6 in-
dividual frames whose integration time was chosen to optimize
signal to noise while avoiding saturation. Individual integration
times ranged from 3 to 60 sec. Two systems were re-observed
after one year with a similar observing sequence to discriminate
between physically related companions and background stars.
The data reduction process included the usual steps for near-
infrared images. An image of the background emission was gen-
erated by medianing all images of a given target and subtracted
from each individual images. The resulting images were flat-
fielded, cosmetically cleaned and shift-and-added to produce the
final images. In a few cases, the quality of the adaptive optics
correction was fluctuating and/or modest, and we selected the
highest-quality frames to produce final images. While this im-
proved the resulting point spread function (PSF) at close separa-
tion (. 0′′.25), it negatively affected the contrast of our images at
larger separations. We therefore also inspected the final images
combining all individual frames to search for faint, distant com-
panions to these targets. The median FWHM achieved in our
final images is 0′′.066, with a standard deviation of 0′′.019, and
the largest FWHM is 0′′.110.
The relative astrometry and photometry of all candidate bi-
nary systems was estimated in the following manner. For wide
companions (projected separation ≥0′′.25), the position of the
companions were estimated using a Gaussian fit to the core of the
PSF while the flux ratio was estimated using a small-radius aper-
ture (typically 0′′.05) and accounting for residual background
emission. Uncertainties were estimated as the standard devia-
tion of the mean based on all individual images containing the
companions. Furthermore, we added in quadrature uncertain-
ties of 0.2% on the separation, 0◦.1 on the position angle and
0.02 mag on the flux ratio as estimates of the absolute precision
of the method based on prior experience of such data. For tight
binaries, we performed PSF fitting using the DAOPHOT pack-
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Table 2. Relative photometry and astrometry for all candidate companions
System ρ (′′) PA (◦) ∆J (mag) ∆H (mag) ∆K (mag) Note
RM 346 AB 0.575±0.001 277.3±0.1 0.42±0.03 0.39±0.03 0.38±0.02
RM 132 AB 0.533±0.001 135.0±0.1 0.04±0.03 0.04±0.03 0.06±0.02
RM 49 AB 0.251±0.001 120.7±0.1 0.27±0.05 0.25±0.03 0.23±0.03
RM 221 AB 0.387±0.001 111.1±0.2 0.01±0.02
RM 126 AB 0.074±0.001 350.7±0.8 0.02±0.02
RM 165 AB 4.595±0.009 296.2±0.1 4.45±0.03 (2009)
4.686±0.009 296.1±0.1 4.38±0.03 (2010)
RM 165 AC 7.331±0.011 75.1±0.1 4.81±0.08 (2009)
7.233±0.014 74.9±0.1 4.50±0.03 (2010)
UKIDSS 2 AB 0.110±0.005 335.8±0.2 0.70±0.15a
UKIDSS 2 ACb 5.141±0.010 27.3±0.1 1.33±0.03a
UKIDSS 3 AB 1.902±0.004 162.2±0.1 5.16±0.05 (2009)
1.855±0.005 165.2±0.1 5.14±0.07a (2010)
UKIDSS 4 AB 3.731±0.007 53.62±0.06 4.91±0.05
UKIDSS 5 AB 0.093±0.002 204.9±1.2 1.8±0.3 1.6±0.1 1.35±0.05
UKIDSS 6 AB 2.653±0.005 237.0±0.1 6.0±0.2 6.0±0.1 5.61±0.06
UKIDSS 7 ABb 5.743±0.011 223.3±0.1 2.75±0.02
UKIDSS 9 AB 0.066±0.002 199.8±1.7 1.4±0.1 1.08±0.05
UKIDSS 9 AC 6.667±0.013 310.6±0.1 4.46±0.05 4.81±0.03
UKIDSS 10 ABb 3.722±0.007 54.5±0.1 -1.33±0.02
UKIDSS 12 AB 2.251±0.005 90.4±0.1 4.37±0.04 4.94±0.07
CFHT 21c 3.634±0.008 132.4±0.1 0.87±0.02
Notes. Boldfaced entries indicate systems that are considered physically bound.
(a) These flux ratios were measured with K′ filter. (b) Companion detected in UKIDSS images (Hogan et al. 2008). The relative astrometry and
photometry presented here is from our adaptive optics images. (c) Companion detected in CFHT-IR images (Bouvier et al. 2008). The relative
astrometry and photometry presented here is from our adaptive optics images.
age, using several single stars in our survey as candidate PSFs
and adopting the one resulting in the smallest residuals. As a
secondary check to account for the fact that none of these PSF
is a perfect match, we also subtracted an azimuthally-symmetric
PSF generated using a radial profile of the primary on the op-
posite of the companion to better highlight the companion. We
conservatively adopt the half-range between PSF fitting and pri-
mary subtraction as an estimate of our final astrometric and pho-
tometric uncertainty although the latter method is likely to lead
to significantly biased results. The final astrometric and photo-
metric properties of all multiple systems detected in this survey
are listed in Table 2.
3. Results
3.1. Detected candidate companions
Given the resolution of our images and our adopted observing
sequence, we are able to find companions as close as ≈0′′.05
(2.3 AU at the distance of the cluster) and as wide as 7′′.5 (and up
to 10′′ in certain directions), approximately. Visual inspection
of all images revealed that we detected 8 subarcsecond compan-
ions (shown in Figure 1), including the four known or suspected
binaries first reported by Reid & Gizis (1997). In addition, we
found 11 companions at ≥1′′.5 of their primaries. All compan-
ions are shown in Figure 2, along with our individual 5σ detec-
tion limits which were estimated using the standard deviation
in concentric annuli centered on the primary star and masking
out any companion. The slight loss in sensitivity seen at ≈ 3′′
in most curves is a consequence of our dithering pattern while
the bump at ≈ 0′′.4 in the shallowest curve represents an arte-
fact introduced by an improperly corrected "waffle" mode in the
images of UKIDSS 2. We further computed a median detection
limit curve considering only the 16 very low-mass targets in our
sample which constitute the core of our survey. Between 0′′.5
and 4′′, our median detection limit is ∆K ≈ 6 mag, with a scatter
of about 0.5 mag.
Inspection of Figure 2 suggests a separation between two cat-
egories of companions: subarcsec companions, all found to have
∆K ≤ 2 mag, on one hand, and wide companions, with ∆K as
large as 6 mag, on the other. While it is tempting to associate
these categories with physical and non-physical companions, re-
spectively, this can only be confirmed with additional informa-
tion, such as proper motion or colors. In the following we try to
make this discrimination for each system. We first consider the
relative astrometry of all candidate binaries as this is the most
powerful criterion to establish whether a system is physically
bound.
3.2. Astrometry of candidate companions
First of all, let us consider RM 49, 126, 221 and 346, whose
binary status was known or suspected from previous high-
resolution imaging (Reid & Gizis 1997) and is confirmed by our
observations. While significant relative motion is observed in
all four cases (20–30% in projected separation and up to about
30◦ in position angle), its amplitude corresponds to an angular
velocity of . 20 mas/yr, much smaller than the proper motion
of Hyades members (& 100 mas/yr, Reid 1992), thereby exclud-
ing that the companions are unrelated background stars. The
observed relative motion of all four pairs is .2.5 km/s, which
is consistent with orbital motion for systems of total mass 0.1–
0.2 M⊙ and semi-major axis 15–25 AU. While the data at hand
are too limited to estimate a dynamical mass for these systems,
we note that the tightest of these systems is the one showing the
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Fig. 3. Observed relative motion for candidate companions observed at two epochs (blue circles). The red squares indicate the predicted
position of the companion at the second epoch if it were a fixed background object based on the known proper motion of the primary (uncertainties
compound proper motion uncertainty and first epoch position uncertainty). The first three panels present systems with adaptive optics imaging at
two epochs while the last four make use of UKIDSS (UKIDSS 2, 7 and 10), or CFHT12K (CFHT 21) data as first epoch. Given the observing
dates involved in this analysis, parallactic motion is negligible in these comparisons.
least orbital motion, suggesting that projection effects are impor-
tant for this system. We consider all four systems as physically
bound. None of the other tight systems has prior high-resolution
observations, including the low-mass system RM 132, so no rela-
tive motion can be estimated. However, given their small angular
separations and the relative scarcity of stars of similar brightness
within our field of view, we estimate that all four systems are
very likely physical bound.
Three of the "wide" companions have been observed at two
epochs in our study (RM 165 B and C, UKIDSS 3 B). Within one
year, all of them appear to have moved by ≈0′′.1 relative to their
primary, which is much larger than both our astrometric uncer-
tainties and their expected orbital motion given their wide sep-
aration. On the contrary, the observed motion matches within
≈ 2σ the known proper motion of our targets, in both ampli-
tude and direction, as shown in Figure 3 and Table 3. Therefore,
these "companions" are instead fixed background sources. In
addition, the UKIDSS 2C, UKIDSS 7 B and UKIDSS 10C can-
didate companions were also detected by the original images of
the UKIDSS survey (Hogan et al. 2008) with sufficient signal-
to-noise to precisely measure their position. As Figure 3 and
Table 3 show, all three of these companions are also found to be
unrelated background stars as their relative motion is much more
consistent with the target’s proper motions than with the hypoth-
esis of a comoving object. Similarly, we reach the same con-
clusion for the apparent companion to CFHT 21, which was also
detected in the initial visible and near-infrared images obtained
by Bouvier et al. (2008) with CFHT12K and CFHT-IR, respec-
tively. Both the UKIDSS and CFHT-IR images provide a 3–4 yr
time baseline. For all seven candidate companions discussed
here, we achieved a precision in the relative motion within the
pairs of 20 mas/yr or better.
3.3. Photometry of candidate companions
In addition to proper motion, colors can be used to evaluate
whether companions are physically bound as all cluster mem-
bers (primaries, companions or single stars) must define a clear
sequence based on the cluster’s age and absence of significant
foreground extinction. Five wide companions in our survey were
detected at more than one wavelength in this survey (Figure 4).
Three of these (RM 165 C, UKIDSS 9C and UKIDSS 12B) are
both markedly bluer (∆(H − K) ≈ 0.4 mag) and much fainter
(∆K ≈ 4.8 mag) than their respective primaries. While such col-
ors could in principle be explained if the companions were T
dwarfs, their faintness (e.g., relative to CFHT 20) makes this in-
terpretation unlikely. RM 165 C, which is less than 1 mag fainter
than CFHT,21, has been shown to be a background star (see Sec-
tion 3.2). By extension, we consider that this is also true for
UKIDSS 9C and UKIDSS 12B. Of the remaining two candidate
companions with multi-color data, RM 165 B has been excluded
by its (lack of) apparent proper motion. While the near-infrared
colors of UKIDSS 6 B are similar to those of its primary, its ex-
treme faintness (K ≈ 19.9) strongly suggests that it also is a
background star. Finally, a handful of our targets and candidate
companions have been detected at optical wavelengths and can
be found in the USNO-B and SDSS catalogs or have been ob-
served by Bouvier et al. (2008). Specifically, we find extremely
red color for the bona fide cool Hyades members RM 165 A
and UKIDSS 7 A (R − K ≈ 6.0 and 8.7 mag, respectively), and
comparatively much bluer colors for distant candidate compan-
ions (R − K ≈ 4.2 and 3.4 mag for UKIDSS 7B and 10B, re-
spectively). Since UKIDSS 10B has already failed the common
proper motion test, we conclude that UKIDSS 7B is also a back-
ground star. Similarly, CFHT 21B is much bluer (I − K = 2.5
vs I − K = 5.6), and even brighter in the I and z bands, than
CFHT 21A (Bouvier et al. 2008), clearly indicating that it is not
an extremely low-mass companion.
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Table 3. Relative motion within candidate wide binaries
System ∆t (yr)a µα µδ µα µδ Ref.
Internal motionb Absolute motionc
RM 165 AB 1.0 83±12 -38±12 110±10 -52±10 1
RM 165 AC 1.0 101±18 0±18 110±10 -52±10 1
RM 165 (avg.) 1.0 92±11 -19±11 110±10 -52±10 1
UKIDSS 2AC 4.0 91±12 -37±13 114±7 -37±7 2
UKIDSS 3 1.0 108±5 -17±6 102±7 -8±7 2
UKIDDS 7 3.0 108±17 -41±17 87±7 -28±7 2
UKIDSS 10 4.1 115±9 -23±8 108±7 -29±7 2
CFHT 21 3.9 115±4 -21±4 79±10 -18±10 3
Notes. All proper motions are presented in mas/yr. References: 1) Reid (1993); 2) Hogan et al. (2008); 3) Bouvier et al. (2008).
(a) Time baselines of 1 yr correspond to our own multi-epoch adaptive optics images, while the longer time baselines compare our adaptive optics
images with UKIDSS or CFHT-IR images (see Section 3.2). (b) Relative motion of the primary component relative to the secondary. (c) Proper
motion of the primary component measured in their discovery studies.
Fig. 4. Color-magnitude diagrams for very low-mass Hyades mem-
bers. Single M and L stars in our survey are shown as gray circles while
the two T dwarfs are shown at green stars. Tight binaries (. 0′′.5) are
shown as pairs of filled and open red squares for primaries and secon-
daries, respectively. Wide companions detected in multiple bands in
our adaptive optics images and in 2MASS images (in which case we
use 2MASS photometry) are shown as blue and purple open squares,
respectively. All candidate companions to very low-mass cluster mem-
bers are labeled. Circled symbols indicate companions shown to be
unrelated background stars by their motion relative to their respective
primaries. The solid line represents the 600 Myr NextGen isochrone
down to a mass of 0.075 M⊙ while the dashed, dotted and dot-dashed
curves represent the DUSTY, COND and BT-Settl models over the
0.03–0.07 M⊙ range. Note that the COND models predict J − K colors
that are markedly bluer than any known very-low mass cluster member.
In summary, we conclude that all subarcsecond binary found
or confirmed in our survey are physically bound companions.
On the other hand, most companions at larger projected separa-
tions are identified unrelated background stars based on proper
motion analysis (for 7 out of 11 objects) and/or their near-
infrared colors. The only 2 wide companions for which nei-
ther of these criteria are available or conclusive are UKIDSS 4 B
and UKIDSS 6 B. Both are much fainter than any known cluster
members (K ≥ 19), and would have masses in the 10–20 MJup
range if they were cluster members. While it cannot be excluded
that these are indeed extremely low-mass companions on wide
orbits, their brightness is in the same range as those of other
wide companions that were excluded in the previous analysis.
We also note that the near-infrared color of UKISS 6 B are con-
sistent with those of L dwarfs or extincted M dwarfs, but are
inconsistent with a T dwarf spectral type that would be expected
for such low mass objects. We therefore conclude that these two
companions are most likely unrelated background star although
follow-up observations are warranted to confirm this.
3.4. Estimated component masses
For each tight (subarcsecond) binary in our survey we estimate
individual component masses by comparing their near-infrared
brightness to the 600 Myr isochrone of the BT-Settl evolutionary
models (see Table 4). As can be seen in Figure 4, the evolution-
ary models are not a particularly good fit to the near-infrared
photometry of our substellar targets, especially for faintest ob-
jects (K & 15), implying that the derived masses should be
considered with caution. We also considered the AMES-COND
and DUSTY models Chabrier et al. (2000), although neither pro-
duces a satisfying isochrone either. In the 0.05–0.10 M⊙, typ-
ical differences between these various models are on the order
of 2% for stellar objects and 5–15% for objects with K . 16
(M & 0.04 M⊙). In particular, we note that the uncertainties
introduced by the difficulty in measuring tight, unequal-flux bi-
naries are generally smaller than those inherent to our use of a
particular evolutionary model.
As could be expected, the masses for the individual com-
ponents of the stellar binary systems are revised downwards by
about 30% relative to the initially estimated system mass. On
the other hand, the primaries of the other tight binary systems
(UKIDSS 2, 5 and 9) uncovered in this survey have estimated
masses that are only ∼ 15% lower than those estimated from
the integrated system magnitudes as a result of their unequal
near-infrared flux ratios. Due to the steep mass-luminosity rela-
tionship predicted by the evolutionary models, their companions
are only somewhat less massive: all three have similar masses
of 0.040–0.046 M⊙. Indeed, the brightness of these compo-
nents is intermediate between the L dwarfs objects discovered
by Hogan et al. (2008) and the faintest known (T-type) Hyades
members from Bouvier et al. (2008). Photometric and spectro-
scopic follow-up is required to obtained more precise mass esti-
mates for these objects.
Finally, based on the K-band 600 Myr isochrone, we note
that we could have detected companions down to qmin ≈ 0.3
at physical separations of 10 AU or more, as illustrated in Fig-
ure 5. In the 3–5 AU range where companions to very low-mass
stars are found, however, our observational detection limit cor-
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Table 4. Estimated masses for components of tight Hyades binaries
Object MJ(M⊙) MH(M⊙) MK(M⊙) q
RM 49 A 0.220 0.219 0.222
RM 49 B 0.191 0.192 0.196 0.87–0.88
RM 132 A 0.215 0.210 0.218
RM 132 B 0.210 0.205 0.211 0.97–0.98
RM 346 A 0.232 0.230 0.234
RM 346 B 0.187 0.189 0.192 0.81–0.82
RM 221 A 0.209 0.205 0.210
RM 221 B 0.208 0.204 0.209 0.99
RM 126 A 0.139 0.137 0.141
RM 126 B 0.138 0.136 0.140 0.99
UKIDSS 2 A 0.055
UKIDSS 2 B 0.046 0.84
UKIDSS 5 A 0.055 0.059 0.062
UKIDSS 5 B 0.030 0.037 0.043 0.55–0.69
UKIDSS 9 A 0.052 0.053
UKIDSS 9 B 0.033 0.040 0.63–0.75
Notes. Masses are estimated by comparing each object’s brightness in a
given filter with the 600 Myr-old BT-Settl isochrone (Allard et al. 2003;
Allard 2009) using a distance modulus of 3.33 and assuming no fore-
ground extinction. Boldfaced entries indicate mass ratios derived from
the K band photometry of the individual components.
responds to a minimum detectable mass ratio of qmin ≈ 0.6. At
a separation of 2 AU (≈0′′.045), which we consider the limit of
our survey, our observations are sensitive to companions with
q & 0.8.
4. Discussion
4.1. Multiplicity as a function of mass
We first discuss the multiplicity frequency of very low-mass stars
in the Hyades cluster. We only consider our sample of such ob-
jects and do not include the two candidate very low-mass bina-
ries discovered by Siegler et al. (2003). For one, we do not know
which other Hyades members they targeted in their survey, pre-
cluding a proper statistical analysis. In addition, the integrated
brightness of the system as well as that of their primaries is above
the K = 12.5 limit adopted in defining our sample. We note,
however, that if these systems are on the close side of the cluster,
as suggested by Siegler et al., they could be of equally low mass
as some of our targets. Similarly, we do not address the multi-
plicity statistics of our subsample of low-mass cluster members
since it is biased towards previously known or suspected bina-
ries.
Despite its admittedly limited size, our sample is nonethe-
less complete for very low-mass stars in the Hyades, since we
have observed all known cluster members with K ≥ 12.5 dis-
covered through large surveys of the cluster. It therefore pro-
vides a valuable counterpart to multiplicity surveys that targeted
higher-mass members of the Hyades cluster (Reid & Gizis 1997;
Patience et al. 1998). As the closest open cluster from the Sun,
this population represents the second-best to probe multiplicity
as a function of stellar mass after nearby field stars, prompting a
comparison between the two populations.
We have resolved 3 of the 16 very low-mass targets studied
in this survey into close binaries, resulting in a raw companion
frequency of 19+13
−6 % (1σ confidence intervals based on binomial
statistics) over the 2–350 AU separation range. This is similar
to the companion frequencies for field very low-mass objects
Fig. 5. Detection limits (5σ) for companions to Hyades very low-
mass stars expressed as a minimum detectable mass ratio derived from
the 600 Myr K-band BT-Settl isochrone. Dotted gray curves represent
individual detection limits while the red curve shows our median de-
tection limit. Blue stars represent companions to Hyades brown dwarfs
with mass ratios estimated from their K band photometry; the associ-
ated vertical segments indicate the range of mass ratios derived from
the various available near-infrared fluxes. Only companions believed
to be bound to our targets are shown here. Blue diamonds represent
Hyades very low-mass binaries from Siegler et al. (2003), for which
we recomputed component masses using the same method as systems
from our survey. Open blue triangles represent Pleiades brown dwarf bi-
naries from Martín et al. (2003) while green asterisks represent binary
very low-mass objects in nearby star forming regions (age . 5 Myr, see
Section 4.2). Blue circles indicate the low-mass binaries observed in
this study. Gray and black circles represent field very low-mass stel-
lar and substellar binaries from the Very Low-Mass Binary archive, re-
spectively. Notice how brown dwarf binaries in open clusters and star-
forming regions tend to have lower mass ratios relative to their field
counterparts.
(Bouy et al. 2003; Burgasser et al. 2007), as well as for mem-
bers of the Pleiades open cluster based on similarly high reso-
lution imaging imaging (Martín et al. 2003; Bouy et al. 2006),
although the latter were sensitive to slightly wider companions
due to the larger distance to the cluster. In addition, photo-
metric studies of substellar members of open clusters consis-
tently derive multiplicity rates on the order of 25–30% (e.g.,
Lodieu et al. 2007; Boudreault et al. 2012). The lower multiplic-
ity rate derived here can be accounted for by systems with sepa-
rations tighter than 2 AU, whose frequency is on the order of 5–
10% among field stars (Basri & Reiners 2006; Duchêne & Kraus
2013, and references therein).
It has been suggested that the cluster has experienced severe
mass segregation based on its apparently depleted population of
substellar objects (Bouvier et al. 2008). However, we find no ev-
idence that binary systems are over-represented among the sub-
stellar objects still present in the cluster. Indeed, the three bi-
nary systems discovered in this survey lie on the outskirts of the
regions surveyed by Hogan et al. (2008), and most apparently
single stars lie closer to the cluster center (see Figure 6). Sim-
ilarly, the most massive single stars and binary systems in our
survey are scattered somewhat more broadly from the cluster
center than the lowest mass ones, albeit only marginally. This
suggests that mass segregation occurs evenly to all systems with
mass . 0.1 M⊙ irrespective of multiplicity, as expected from the
perspective of cluster dynamical evolution.
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Fig. 6. Spatial distribution of Hyades cluster members. Gray crosses
represent probable members from the Prosser & Stauffer database (J.
Stauffer, priv. comm.), while open blue and filled red circles represent
single and binary members in our sample of very low-mass members.
The dashed and dotted circles represent the core and tidal radii from
Perryman et al. (1998), respectively.
To allow a comparison of the frequency of visual binaries we
find for substellar objects with those reported by Reid & Gizis
(1997) for low-mass stars and Patience et al. (1998) for AFGK
stars in the Hyades cluster, it is important to note that these stud-
ies probed different separation ranges. Indeed, the completeness
ranges of the latter two surveys are 14–825 AU and 5–50 AU, re-
spectively, although both studies also discovered tighter systems
down to essentially the same limit as our own survey. Further-
more, each survey has a different minimum mass ratio limit (e.g.,
q & 0.25 for Patience et al. 1998), further blurring direct com-
parisons between surveys. Nonetheless, narrowing down to the
3–50 AU separation range, probed by each surveys albeit pos-
sibly incompletely, we find remarkably similar companion fre-
quencies across all masses: 17+6
−4% and 16
+3
−2 for low-mass and
AFGK stars, respectively. While this seems to be at odds with
the overall decline of the multiplicity frequency towards lower
primary masses, Duchêne & Kraus (2013) pointed out that the
companion frequency in the limited separation range 1–10 AU
appears constant across primary masses up to at least 1.5 M⊙
among field stars, in agreement with the result we obtain for
the Hyades cluster. Ultimately, a more informative comparison
awaits a search for spectroscopic binaries among Hyades very
low-mass stars to complement the existing samples of such sys-
tems at higher masses (Bender & Simon 2008; Reid & Mahoney
2000).
An immediately apparent feature of the binaries we uncov-
ered in this survey is their tight separation. As Figure 7 il-
lustrates, all companions are clustered just beyond the mini-
mum separation probed in our survey, in the 3–5 AU range.
On the other hand, for solar-type stars, Patience et al. (1998)
discovered companions at all separations within their search
region. Regarding low-mass stars in the Hyades, the sur-
vey of Reid & Gizis (1997) found a broad range of separa-
tions but an apparent deficit of companions outside of ∼150 AU,
despite being sensitive to companions up to 825 AU. Binary
Fig. 7. Projected separation of visual binaries as a function of pri-
mary mass for the Hyades (blue triangles and stars) and Pleiades (red
diamonds) open clusters. The filled blue stars represent the very low-
mass tight binaries discovered in this survey. The blue dashed lines
marked the entire ranges of separation searched for companions in this
survey, Reid & Gizis (1997) and Patience et al. (1998) in order of in-
creasing primary mass while dotted lines indicate the completeness-
defining minimum separation of the latter two surveys. The red dot-
dashed lines indicate the equivalent limits for surveys in the Pleiades
cluster (Bouvier, Rigaut & Nadeau 1997; Bouy et al. 2006).
systems in the Pleiades open cluster show a similar behavior
(Bouvier, Rigaut & Nadeau 1997; Martín et al. 2003; Bouy et al.
2006). Thus there appears to be a maximum binary sep-
aration that decreases sharply from solar-type stars to very
low-mass stars in open clusters. This is reminiscent of find-
ings among both field systems, where several empirical "max-
imum separation" laws have been proposed (Reid et al. 2001;
Burgasser et al. 2003; Close et al. 2003), and star-forming re-
gions (e.g., Kraus et al. 2011). In the very low-mass regime, this
limit is around 25 AU (e.g., Burgasser et al. 2007). Although
a small fraction of "unusually wide" systems have later been
identified (e.g., Béjar et al. 2008), their frequency is so low that
we would not expect to detect any in our relatively small sam-
ple. Even among young stellar populations, where a handful of
systems with separations up to ∼300 AU have been found (e.g.,
Luhman et al. 2009), such systems remain rare considering the
ease with which they can be discovered. The tight binaries we
found in this survey therefore follow expectations from very low-
mass binaries in both the field population and star-forming re-
gions.
Given the tight separation of the systems we discovered here
and the dynamically evolved state of the Hyades cluster, we
expect that they will survive the remaining dissolution phase
of the cluster and will thus be released in the Galactic field.
While a large fraction of stars are believed to form in "clus-
ters" (Lada & Lada 2003), it is unclear whether rich open clus-
ters, such as the Hyades, are truly representative of star forma-
tion as a whole (Bressert et al. 2010). Overall multiplicity statis-
tics favor rich clusters as the birth place of the majority of field
stars (Duchêne & Kraus 2013, and references therein), in line
with the fact that the multiplicity frequency we derive here for
Hyades members matches that of field objects. However, a finer
study that also takes all properties of binary systems into account
(semi-major axis, mass ratio, eccentricity) is needed to confirm
this conclusion. In the following, we consider the mass ratio
distribution of very low-mass binaries.
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4.2. On the mass ratio distribution of very low-mass binaries
4.2.1. Comparison to systems in the field and in star-forming
regions
The most intriguing property of the Hyades very low-mass bi-
nary systems we have found is arguably their mass ratio, which
are in the 0.69–0.84 range based on their K band flux ratio. As
shown in Figure 5, this prevalence of "intermediate" mass ratios
was also observed in the Pleiades by Martín et al. (2003), who
used visible wavelength photometry to estimate binary mass ra-
tios, however. While these authors ascribed it to small number
statistics, the fact that we find the same trend in the Hyades in-
stead suggests that this is common characteristics of open clus-
ter brown dwarf binaries in general. In comparison, the over-
all population of binary field brown dwarfs is heavily skewed
towards systems with q & 0.85 (e.g., Burgasser et al. 2007;
Duchêne & Kraus 2013). Comparing the distribution of mass
ratios between field1 and open cluster very low-mass binaries
using a Wilcoxon test yields a probability of > 99.8% that the
two parent populations are different. We further note that the
mass ratios of the two binaries from Siegler et al. (2003), which
are close in mass to the very low-mass systems considered here
but are not included in this analysis, are also in the 0.75–0.85
range. In addition, using the mass ratios estimated from shorter
wavelength observations for our Hyades binaries would further
increase this discrepancy as they are systematically lower than
those derived from the K band brightness. Therefore, this ap-
parent difference in mass ratio distribution between open cluster
and field very low-mass binaries is highly significant.
Interestingly, the mass ratio distribution of very low-mass
objects in star-forming region2 also appears to be much flat-
ter than that of field objects (see Figure 5). Although larger
uncertainties are likely associated with mass estimates in the
youngest systems, objects with q ≤ 0.8 are relatively com-
mon and systems with q ≤ 0.5 exist (e.g., Konopacky et al.
2007; Todorov, Luhman & McLeod 2010; Kraus & Hillenbrand
2012). Given our limited sensitivity to companions at short sep-
arations, the observed distribution of mass ratio in very low-
mass open cluster members could well be consistent with an
essentially flat intrinsic distribution extending to planetary-mass
companions. Similarly, Kraus & Hillenbrand (2012) performed
a Bayesian analysis of all systems observed at the highest res-
olution and found a relatively shallow mass ratio distribution
for primaries in the 0.07–0.15 M⊙ range. Even though these au-
thors identified a tendency for tighter systems to have mass ra-
tios closer to unity, their sample include at least three systems
with q ≤ 0.8 that are closer than 10 AU, which is extremely
hard to reconcile with the observed distribution for field bina-
ries. Thus, while the mass ratio distribution of very low-mass
binaries in star-forming regions and open clusters are broadly
consistent with one another, at least down to q ∼ 0.7, the field
distribution differs from both.
If the difference in mass ratio distribution between "young"
(. 1 Gyr) and field systems is real, one may wonder about its
physical origin. As pointed out above, it is unclear whether most
field objects form in rich clusters, which could naturally account
1 This is done using the Very Low-Mass Binary archive
(http://vlmbinaries.org/). Although more systems have since then
been discovered, they do not appear to skew the mass ratio distribution
dramatically.
2 We include here all systems with Mprim . 0.1M⊙ and with an age
≤ 5 Myr from the Very Low-Mass Binary archive as well as additional
systems from Kraus & Hillenbrand (2012).
for this difference. However, the same contradiction is found if
one assumes that most stars form in less dense star-forming re-
gions instead. A mixture of both channels is most likely to feed
into the Galactic population, and it is unlikely that most star for-
mation on the galactic scale occurs in environments that are nei-
ther clusters nor loose associations. Therefore, the discrepancy
in mass ratio distribution must be accounted for by a different
explanation. Since the binding energy and total energy of a sys-
tem is only marginally smaller if q = 0.7 instead of q = 0.9,
it is difficult to imagine that dynamical effects can explain the
observed difference. Indeed, dynamical evolution of a cluster
does not alter significantly the mass ratio distribution of binary
systems (Parker & Reggiani 2013). In principle, the slightly en-
hanced metallicity of the Hyades population (Boesgaard & Friel
1990) could have an impact on either core fragmentation or the
subsequent accretion of material during the first few Myr of evo-
lution of binary systems. However, this does not apply to the
Pleiades members, which have an essentially solar abundance of
metals, casting doubts on this interpretation.
In the following, we explore an alternative interpretation,
namely that the apparent difference in mass ratio distribution is
not real but stems from other, hidden factors. In particular, we
consider the following possibilities: systematic errors in model-
based mass estimates, subtle selection biases, and the possibility
of a missing population of lower mass ratio systems among field
binaries.
4.2.2. Systematic biases in model-derived masses
The first possible explanation consists in a mis-estimate of in-
dividual masses, hence mass ratios, in either population. For
instance, the mass ratios derived in young systems could be sig-
nificantly biased towards lower values due to systematic errors
in evolutionary models. The fact that the mass ratios estimated
from the H and J photometry are even lower than those from
the K photometry for the Hyades binaries seems to indicate oth-
erwise, but this cannot be entirely excluded. In particular, the
two lowest mass ratio systems, UKIDSS 5 and 9, contain sec-
ondaries with K > 15, where the BT-Settl, DUSTY and COND
models appear to diverge from one another and from the empir-
ical sequence defined by bona fide cluster members. Nonethe-
less, all three models yield very similar (surprisingly, to within
2-3%) predicted mass ratios when using the components’ K band
photometry, albeit with different dependencies on the observing
wavelength of the derived mass ratios and absolute masses. The
fact that different models have been used to estimate mass ra-
tios of field systems could also introduce an additional bias, but,
again, the observed differences in mass ratio between the various
models seem to be relatively small.
Irrespective of the details of these three sets of models and
of the absolute masses of the individual objects, none of the
tight binary systems in the Hyades or Pleiades is close to be-
ing equal-flux (in the near-infrared and visible, respectively). In
order for these systems to have mass ratios in line with field sys-
tems (q & 0.9), the mass-luminosity would need to be much
steeper than in current evolutionary models for substellar sys-
tems with an age of several 100 Myr. While it is currently
impossible to exclude this possibility, we consider it unlikely.
Among the rare very low-mass binary systems for which indi-
vidual component masses could be determined independently of
models, GJ 569 B, PPl 15 and LP 349-25 all three have ages es-
timated to be . 500 Myr (Liu, Dupuy & Leggett 2010). Their
mass ratios are in the 0.5–0.85 range (Basri & Martín 1999;
Zapatero Osorio et al. 2004; Konopacky et al. 2010) and their
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observed flux ratios are in the 0.3–1 mag range at both visible
and near-infrared wavelengths. This confirms that even moder-
ately non-equal flux ratios translate into mass ratios significantly
lower than unity in relatively young systems. We thus believe
that the relatively large magnitude difference in our Hyades very
low-mass binaries are exceedingly hard to reconcile with a mass
ratio that is very close to unity.
Alternatively, it could be that field very low-mass bina-
ries have mass ratios that are consistently over-estimated. This
would occur if the mass-luminosity relationship predicted by
models was in fact much shallower than models predict, al-
though this seems to be refuted by the same argument as above.
Another possible explanation could be that field systems have
their ages systematically over-estimated. For instance, con-
sider the mass ratio for the 2MASS J1209-1004 system esti-
mated by Liu, Dupuy & Leggett (2010): if the system was as
old as 10 Gyr, its mass ratio would be q ≈ 0.9, but if its age is
. 1 Gyr, then q ≈ 0.5. Thus is most field binary brown dwarfs
are relatively young, their intrinsic mass ratio distribution could
be much flatter than believed to date. However, it is unclear
why system ages could be so severely and systematically over-
estimated. In addition, one expects systems of all ages in the
Galactic field, so that the absence or rarity of systems with ages
of several Gyr would need to be explained.
In summary, while model-derived mass ratios are likely bi-
ased in both "young" (0.1–1 Gyr) and old systems, we do not
believe that systematic errors between both populations can be
large enough to account for the observed difference in the in-
ferred mass ratio distributions.
4.2.3. Selection biases
A second explanation would call for a selection bias against
equal-mass binaries in open cluster and star-forming regions.
As pointed out in Section 2, our Hyades sample may be biased
against equal-mass systems with components that are just below
the 0.1M⊙ maximum mass considered here. However, we note
that the mass ratio distribution of field binaries does not seem
different for substellar and very low-mass stellar primaries (see
Figure 5). Had we focused strictly on substellar systems, the
Hyades and field mass ratio distributions would still be differ-
ent and this selection bias would not apply. Indeed, equal-mass
systems have similar colors and proper motion as single objects
and, although they would be somewhat brighter than unequal
mass systems, their brightness would not place them outside
of typical selection criteria given the broad sequence of known
cluster members (see Figure 4). Similar arguments apply to star-
forming regions, where both kinematic and photometric criteria
are even less stringent. For instance, a factor of 2 in total lumi-
nosity, typical of an equal-mass binary, is not nearly as large as
the observed luminosity spread in a given population, so that it
would be impossible to rule out membership on this sole crite-
rion. We cannot think of any reason why equal-mass very low-
mass binaries would have been missed in surveys of star-forming
regions. We thus conclude that the difference we observe does
not stem from selection biases in young open clusters or star-
forming regions.
4.2.4. Missing binaries among field very low-mass objects
Arguably the most plausible explanation for the difference in
mass ratio distribution is that the frequency of systems with
q . 0.8 has been severely underestimated in the field population,
where unequal mass systems are characterized by much steeper
contrast ratios than among younger systems. In this context,
it is worth noting that Allen (2007) derived a much shallower
power law index for the mass ratio distribution of field very low-
mass binaries than other estimates (e.g., Burgasser et al. 2006;
Liu, Dupuy & Leggett 2010), which would predict a significant
number of systems in the 0.6 ≤ q ≤ 0.8 range to which the bi-
naries we discovered in the Hyades belong. The very low-mass
binaries found in open clusters therefore suggest that a signif-
icant population of "intermediate" mass ratios still escapes de-
tection among field stars as a result of the challenge currently
posed by the detection of high-contrast, tight binaries. In turn,
this would imply that the overall multiplicity fraction of field
very low-mass stars has been significantly under-estimated by
current studies. Recent discoveries of high-contrast and low
mass ratio systems among field very low-mass objects provide
additional circumstantial evidence that this is indeed the case
(Pope, Martinache & Tuthill 2013; Sahlmann et al. 2013).
A much shallower mass ratio distribution for substellar bi-
naries would in turn have consequences for theories that address
the formation and evolution of such systems. Although the de-
bate is not fully settled, the broad consensus is that substellar bi-
naries form from the fragmentation of the lowest mass prestellar
cores in the same way as stellar binaries do (Luhman 2012). The
marked prevalence of near equal-mass systems would require
that the initial fragments are of almost equal mass, or that subse-
quent accretion systematically favors the least massive fragment
to bring the final mass ratio of the system as close to unity as pos-
sible. Taken to the extreme, either scenario requires an uncom-
fortably fine-tuning of the physics at play. A significant popula-
tion of lower mass ratio systems, as suggested by our results, re-
laxes these tight constraints. Still, given the low mass of the par-
ent core, the potential for accretion after the initial fragmentation
is much smaller than for higher mass systems, so that the final
mass ratio should remain closer to the initial one. In most sim-
ulations of core fragmentation and cluster formation, the frag-
ments have commensurable mass (Delgado-Donate et al. 2004;
Goodwin, Whitworth & Ward-Thompson 2004; Bate 2012),
which is directly related to the Jeans mass. In cases where subse-
quent accretion is limited, one thus expects systems to maintain
mass ratios & 0.5, in broad agreement with the observed distri-
butions in open clusters and star-forming regions.
5. Conclusions
Using the Keck II adaptive optics system, we have conducted the
first multiplicity survey of very low-mass stars and brown dwarfs
in the Hyades open cluster. From a complete sample of 16 tar-
gets, we identify 3 previously unknown tight binaries, with sep-
arations in the range 0′′.066–0′′.11, which we believe are physi-
cally bound to their primaries. A number of faint, distant objects
were also found. In most cases, astrometric monitoring and/or
near-infrared colors exclude cluster membership. By extension,
we believe that all candidate wide binaries are non-physical. The
multiplicity frequency, 19+13
−6 % over the 2–350 AU range, and
preference for tight (. 5 AU) systems are consistent with what
is observed in the field. When coupled with multiplicity surveys
for low-mass and solar-type stars, our results also show the same
trends as observed among field stars. When combined with ob-
servations of objects in the Pleiades, we find that open cluster
very low-mass binaries, as well as those found in star-forming
regions, have a mass ratio distribution that is skewed toward sig-
nificantly lower values than those of field binaries, which heavily
favor near-equal-mass systems. Although model-based mass es-
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timates are subject to caution, we find it unlikely that systematic
errors in the predicted mass-luminosity relationship can account
for this difference. We also exclude that selection effects pre-
cluded equal-mass binaries to be found by large scale searches
for very low-mass cluster members. Since the field population
comes primarily from open clusters and it is unlikely that dy-
namical effects are responsible for the observed trend, we sug-
gest that the frequency of systems with q . 0.8 has been under-
estimated in previous surveys, an hypothesis that can be tested
with future high-contrast, high-resolution imaging of field brown
dwarfs.
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